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ABSTRACT
Background. Disasters are believed to have large eﬀects on the mental health of adolescents but the
lack of prospective pre- and post-disaster data on aﬀected and control populations have limited our
knowledge on the validity of these claims. We examined the medium-term, 12 months’ eﬀects of a
severe disaster on the mental health of adolescents, and compared them to eﬀects after 5 months.
Method. A cafe´ ﬁre in The Netherlands injured 250 adolescents and killed 14. We obtained data
15 months before and 12 months after the disaster about behavioural and emotional problems
(using the Youth Self-Report) and substance misuse, in 124 students of an aﬀected school of whom
31 were present at the ﬁre (response 77.5%) and 830 other students (56.4%); mean age at baseline,
13.8 years.
Results. We found diﬀerences between students from the aﬀected school and others for excessive
use of alcohol (odds ratio 3.42, 95% conﬁdence interval 2.00–5.85, p<0.0001), but not for behav-
ioural and emotional problems and use of other substances. Eﬀects had decreased compared to
those after 5 months.
Conclusions. In the long run, the eﬀects of disaster decrease regarding self-reported behavioural
and emotional problems, but they remain regarding alcohol misuse among those present at the
disaster, and their peers.
INTRODUCTION
Clinical experience shows that disasters have
profound eﬀects on the mental health of chil-
dren and adolescents. Reviews summarizing
outcomes of disasters show a variety of eﬀects
on the mental health of children and adolescents
(Aptekar & Boore, 1990; Vogel & Vernberg,
1993; Bromet & Dew, 1995; Bolton et al. 2000).
The eﬀects include symptoms of depression and
anxiety, concentration problems, memory loss,
conduct disorder, school problems, substance
abuse and sleep problems (Vogel & Vernberg,
1993; Bromet & Dew, 1995; Bolton et al. 2000;
Yule et al. 2000).
Disasters occur unexpectedly and studies into
their eﬀects are, therefore, planned post-disaster.
Studies in which prospective data were col-
lected pre- and post-disaster in an aﬀected and
a control population have, therefore, not been
available (Aptekar & Boore, 1990; Rubonis
* Address for correspondence: Professor Sijmen A. Reijneveld,
Groningen University, Department of Health Sciences, PO Box 196,
9700 AD Groningen, The Netherlands.
(Email : S.A.Reijneveld@med.rug.nl)
Psychological Medicine, 2005, 35, 367–376. f 2004 Cambridge University Press
DOI: 10.1017/S0033291704003575 Printed in the United Kingdom
367
& Bickman, 1991; Bromet & Dew, 1995). By
coincidence, however, a severe disaster, the
Volendam New Year’s Eve cafe´ ﬁre, aﬀected the
students of one of the three schools that was
participating as control group in an ongoing
quasi-experimental study. The disaster con-
cerned a short but very intense ﬁre during New
Year’s Eve 2000/2001 in a popular youth cafe´ in
Volendam, wounding approximately 250 young-
sters of whom 231 had to be hospitalized and
14 were killed. Almost all victims were students
of the two Volendam secondary schools ; the
majority from the school that participated in
our study (Boxma et al. 2001; Committee of
Inquiry, 2001). For the original quasi-exper-
imental study, we had already collected data
on behavioural and emotional problems 15
months before the disaster, using the Youth
Self-Report (YSR; Achenbach, 1991; Verhulst
et al. 1997, 2003), and on substance misuse
among all level 2 students of the three partici-
pating schools (n=954). Among these were 124
students from the aﬀected school of whom 31
were in the ﬁre.
In a previous paper, we reported on the short-
term eﬀects (after 5 months) of this disaster and
demonstrated that, compared to adolescents
from non-aﬀected schools, adolescents from the
aﬀected school showed higher increases in be-
havioural and emotional problems as measured
by the YSR, especially regarding the Anxious/
Depressed, Thought Problems, and Aggressive
Behaviour syndrome scales, and an increase in
excessive use of alcohol. The use of tobacco,
marijuana, ecstasy (MDMA) and sedatives
had not risen (Reijneveld et al. 2003). For the
original study, a second (and ﬁnal) follow-up
measurement had been planned 12 months after
the disaster.
The aim of the present study is to examine
the medium-term eﬀects, after 12 months, of
this severe disaster on the mental health, in-
cluding substance misuse, of adolescents, using
prospective pre- and post-disaster data. We
analysed our observational data following the
CONSORT criteria for the analysis of ran-
domized controlled trials (Moher et al. 2001),
in order to provide maximum of information.
Our study resembled an actual experiment in
which adolescents would be assigned to groups,
a design known as a ‘natural experiment ’
(Rothman & Greenland, 2001).
METHOD
Participants
The three schools that participated in the orig-
inal study oﬀered the entire range of secondary
education, from low to high level. The aﬀected
school was located in the west of The Nether-
lands ; both control schools were central, ap-
proximately 80 km from the aﬀected school, and
remained unaﬀected by disasters.
A total of 954 adolescents provided baseline
data (aﬀected school n=124; control schools
n=830). Table 1 gives baseline characteristics
of all adolescents. The aﬀected school and the
control schools diﬀered signiﬁcantly with regard
to several demographic baseline measures, rep-
resenting the diﬀerent nature of the three schools,
the aﬀected school and one control school being
denominational.
In total, 734 (76.9%) and 560 students
(58.5%) completed the ﬁrst and second follow-
up measurements respectively. Loss to follow-
up did not diﬀer by type of school at the ﬁrst
follow-up measurement (p=0.31), but did at the
second (p=0.001; response at aﬀected school
71.8%, at control schools 56.4%). Fig. 1 shows
participant ﬂow and follow-up. The groups that
provided data on the ﬁrst and second follow-up
measurements diﬀered from those who were
lost to follow-up regarding age (both follow-
up measurements), gender (second follow-up
measurement) and most outcome measurements
(follow-up measurements). However, all diﬀer-
ences by follow-up status were similar for the
aﬀected and the control schools. Of the partici-
pating students of the aﬀected school, 31 were
in the ﬁre (of whom 17 were injured). Their
response was similar to that of other students
of the aﬀected school at the second follow-
up measurement (71.0% v. 72.0%, p=0.91)
whereas it had been much lower at the ﬁrst
follow-up measurement (45.2% v. 82.8%,
p<0.0001).
Medical Ethical Committee
The original study protocol had been approved
by the Institutional Review Board (IRB) of our
institute and consent from the parents’ council
of each school had been obtained. The secretary
of the IRB was informed of the disaster.
Continuation of the study was agreed upon with
the management of the aﬀected school.
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p value for diﬀerences between





No (%) girls 78 (62.9) 402 (48.4) 0.003a 0.80a 0.005a





No (%) aged 14 years and over 29 (16.1) 234 (28.2) 0.005a 0.007a 0.011a
No (%) following low-level education 47 (37.9) 446 (53.9) 0.001a 0.70a 0.97a
No (%) of non-Dutch ethnic background 3 (2.5) 77 (9.4) 0.011a 0.29a 0.072a
No (%) of Christian religion 83 (68.6) 208 (25.9) <0.0001a 0.76a 0.34a
No (%) of other religion 5 (4.1) 104 (13.0)
No (%) with no parent working
>3 days/week
14 (11.3) 119 (14.5) 0.33a 0.78a 0.75a
No (%) with clinical YSR Total
Problems score
14 (11.3) 108 (13.1) 0.59a 0.003a 0.006a
No (%) using alcohol excessively in
preceding 2 weeks
18 (14.5) 136 (16.4) 0.60a 0.009a 0.023a
No (%) smoking in preceding month 13 (10.5) 143 (17.2) 0.058a <0.0001a 0.053a
No (%) using marijuana ever 2 (1.6) 36 (4.3) 0.22b 0.004a 0.006a
No (%) using ecstasy ever 0 (0.0) 6 (0.7) 1.00b 0.63b 0.088b
No (%) using hypnotic/sedative ever 3 (2.4) 28 (3.4) 0.79b 0.22a 0.009a
Response ﬁrst follow-up measurement 91 (73.4) 643 (77.5) 0.31a
Response second follow-up measurement 90 (72.6) 467 (56.3) 0.001a
Data were missing for some adolescents regarding: level of education, 3; parental employment, 11; ethnicity, 18; religion, 30; for age and
gender no missing values occurred.
a x2 test.
b Fisher’s exact test.
c t test.
# p values for diﬀerences between the total analysed group and the total group lost to follow-up. For all characteristics that showed
statistically signiﬁcant diﬀerences in loss to follow-up, these diﬀerences did not vary with statistical signiﬁcance between schools (aﬀected or
control).
$ p values for diﬀerences between the aﬀected and the control group at baseline.
Adolescents with
complete baseline
data (n = 954)
Lost to 2nd follow-up
(n = 363)





Lost to 1st follow-up
(n = 187)
  All no second interview
Lost to 2nd follow-up (n = 35)
  Present at fire, not injured: 4
  Injured by fire, alive: 4
  Died because of fire: 1
  Other reasons: 26
Lost to 1st follow-up (n = 33)
  Present at fire, not injured: 5
  Injured by fire, alive: 11
  Died because of fire: 1
  Other reasons: 16
Analysed baseline –
1st follow-up (n = 91)
Analysed baseline –
2nd follow-up (n = 89)
Data on all measurements
(n = 71)
Data on all measurements
(n = 407)
Analysed baseline –
2nd follow-up (n = 467)
Analysed baseline –
1st follow-up (n = 643)
FIG. 1. Participant ﬂow and follow-up.
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Measures and end-points
In September/October 1999, 15 months pre-
disaster, all students in grade 2 of all three
schools had completed a baseline questionnaire
in class comprising the YSR (Achenbach, 1991;
Verhulst et al. 1997, 2003), questions on smok-
ing (Kremers et al. 2001), and use of alcohol,
marijuana, sedatives and hypnotics (tranquil-
lizers), and ecstasy. YSR, smoking and use of
alcohol were the primary end-points of the
original study, and remained so in the post-
disaster analyses. The YSR was used to assess
the adolescents’ reports on behavioural and
emotional problems in the preceding 6 months.
Its (good) reliability and validity have been rep-
licated for the Dutch translation (Achenbach,
1991; Verhulst et al. 1997, 2003). We further
obtained data on gender, age, level of education
(lower versus higher), ethnic background (of
child and both parents at least two born in
The Netherlands versus elsewhere), religion
(Christian, other, or none), and parental employ-
ment (one or both parents working >3 days
per week versus else).
As planned, all students completed the same
questionnaires in May 2001 and January 2002.
To ensure comparability of information, we
took no speciﬁc measures to increase the re-
sponse of Volendam adolescents. However, we
added some questions at the end of the ﬁrst
follow-up questionnaires regarding exposure to
the cafe´ ﬁre, and on school-based post-disaster
care. The school management provided data on
ﬁre exposure for non-respondents on the ﬁrst
follow-up questionnaire. Information sources
were anonymous and could only be linked
through school code, gender, date of birth and
initials of the adolescent.
For the analyses, all outcome measures were
dichotomized, using cut-oﬀs as planned in the
original study. We computed scores for the nine
YSR syndrome scales, the two broad-band
groups of syndromes designated Internalizing
and Externalizing (each comprising syndrome
scales, covering emotional and behavioural
problems respectively), and the Total Problems
scale. The YSR problems scores were allo-
cated to a clinical (coding in regression=1) or a
normal range (0), using the 98th percentile of
the Dutch normative sample as cut-oﬀ for the
syndrome scores and the 90th percentile for the
Internalizing, Externalizing and Total Problems
scores (Verhulst et al. 1997). Smoking was cat-
egorized as at least one cigarette per month (1)
versus less (0), use of alcohol as at least ﬁve
drinks on one occasion in the two preceding
weeks (further called excessive use of alcohol, 1)
versus less (0), and use of other psychoactive
substances as at least once (1) versus never (0).
Analysis strategy
First we compared the adolescents of the aﬀec-
ted school and of the control schools regarding
individual changes between baseline and second
follow-up in all outcome measures (with adjust
ment for baseline values), using logistic re-
gression. Previous studies have shown that
the impact of disasters diﬀers by gender and by
exposure to the disaster (Vogel & Vernberg,
1993; Bromet & Dew, 1995; Bolton et al. 2000).
Therefore, we next examined diﬀerences in
eﬀects by gender, by introducing an interaction
term with gender in the models, and by ex-
posure, separately comparing Volendam ado-
lescents who were and who were not in the ﬁre
with the reference group. Finally, we computed
prevalence rates regarding the primary out-
comes and regarding the outcomes showing
statistically signiﬁcant short-term changes for
all adolescents with data on each follow-up
measurement.
Adolescents attending the three schools in-
volved may diﬀer in background characteristics
that aﬀect the outcomes. We, therefore, re-
peated all analyses adjusting for background
characteristics that have been shown to aﬀect
changes in time of the mental health of ado-
lescents or that showed statistically signiﬁcant
diﬀerences between the aﬀected and the control
schools. We also carried out an intention-to-
treat (ITT) analysis, in which we analysed data
from all adolescents, including those lost to
follow-up. For the latter, we assumed no change
since baseline measurement. Finally, we re-
peated the analyses regarding the YSR with
continuous instead of dichotomized outcomes.
All reported p values are two-sided and have
not been adjusted for multiple comparisons.
Blinding
All adolescents were informed at baseline of the
nature of the original study and that a second
370 S. A. Reijneveld et al.
measurement would occur. They were not aware




Table 2 shows relevant outcomes for students
who provided data on the second follow-up and
baseline measurements. For comparison pur-
poses, similar data are provided regarding the
ﬁrst follow-up measurement. Fig. 2 graphically
displays prevalence rates regarding all students
providing data on the measurement concerned.
For the primary outcomes, increases from the
baseline to the second follow-up measurements
were larger at the aﬀected school than at the
control schools regarding excessive use of al-
cohol (p<0.0001) but not regarding behavioural
and emotional problems (p=0.18), and smoking
(p=0.64). Regarding behavioural and emotion-
al problems, diﬀerences between the aﬀected
school and the control schools decreased for
the YSR syndromes that showed statistically
signiﬁcant diﬀerences at the ﬁrst follow-up
measurement (the Anxious/Depressed, Thought
Problems, and Aggressive Behaviour syndrome
scales). For these and for all other YSR syn-
drome scales (not shown), diﬀerences were not
statistically signiﬁcant at the second follow-up
measurement. For the secondary outcome use
of sedatives, the aﬀected and control schools
diﬀered with statistical signiﬁcance at the se-
cond follow-up measurement, whereas they did
not at the ﬁrst follow-up. Adjustment for back-
ground characteristics diminished diﬀerences
somewhat. Additional analyses further show
that adolescents with a clinical YSR Total
Problems score at the ﬁrst follow-up measure-
ment are much more likely to have started use
of hypnotics and sedatives at the second follow-
up (10.9% v. 2.1% for all others, p=0.003,
Fisher’s exact test). Further, adolescents scoring
in the clinical range of the YSR Total Problems
score at the ﬁrst follow-up measurement were
slightly more likely to have initiated excessive
alcohol use than others, but without statistical
signiﬁcance (45.5% v. 32.6%, p=0.15, x2 test).
However, excessive use of alcohol at the second
follow-up measurement was higher among
adolescents with a clinical YSR Total Problems
score at both the ﬁrst (53.0% v. 42.6%, p=
0.038, x2 test) and the second follow-upmeasure-
ments (67.1% v. 53.3%, p=0.021, x2 test). All
Table 2. Diﬀerences in outcomes between the aﬀected and the control adolescents regarding
behavioural and emotional problems reported on the Youth Self-Report, excessive use of alcohol,
smoking and use of marijuana, ecstasy, and hypnotics and sedatives
Diﬀerence in change between groups
(12 months’ period,
baseline – Second follow-up)
Diﬀerence in change between groups
(5 months’ period,
baseline – First follow-up)
OR (95% CI)a Adj. OR (95% CI)ab OR (95% CI)a Adj. OR (95% CI)ab
Clinical score on
Total Problems (n=89/461)c 1.52 (0.82–2.81) 1.54 (0.77–3.08) 1.82 (1.01–3.29)* 1.67 (0.88–3.20)
Internalizing Problems (n=89/461)c 1.50 (0.79–2.84) 1.48 (0.72–3.02) 1.71 (0.91–3.22) 1.70 (0.85–3.37)
Externalizing Problems (n=89/461)c 0.91 (0.46–1.81) 1.08 (0.51–2.32) 1.41 (0.76–2.64) 1.62 (0.82–3.22)
Anxious/Depressed (n=89/461)c 2.12 (0.90–4.99) 1.84 (0.71–4.76) 2.85 (1.23–6.61)* 3.20 (1.26–8.09)*
Thought Problems (n=89/461)c 1.13 (0.54–2.34) 1.06 (0.47–2.38) 2.16 (1.09–4.30)* 2.54 (1.19–5.44)*
Aggressive Behaviour (n=89/461)c 0.54 (0.12–2.35) 0.58 (0.12–2.88) 3.30 (1.30–8.36)* 3.71 (1.28–10.7)*
Excessive use of alcohol (n=89/466)c 3.41 (1.99–5.83)*** 4.77 (2.62–8.68)*** 4.57 (2.73–7.64)*** 5.09 (2.94–8.80)***
Tobacco smoking (n=87/461)c 1.14 (0.67–1.93) 1.09 (0.61–1.95) 0.87 (0.48–1.56) 0.88 (0.47–1.65)
Use of marijuana (n=89/463)c 0.93 (0.51–1.72) 1.19 (0.61–2.33) 0.99 (0.48–2.02) 1.54 (0.71–3.33)
Use of ecstasy (n=89/464)c 0.99 (0.33–2.96) 1.19 (0.35–3.99) 0.49 (0.06–3.74) 1.21 (0.14–10.6)
Use of hypnotics/sedatives (n=89/464)c 2.42 (1.06–5.54)* 1.78 (0.72–4.42) 2.03 (0.85–4.82) 1.96 (0.77–5.00)
Statistically signiﬁcant diﬀerences (p<0.05) are in bold; * p<0.05, *** p<0.001.
a Value of outcome at second and ﬁrst measurement respectively, adjusted for the value of this outcome at the baseline measurement
b Adjusted for gender, age, level of education, ethnic background and religion.
c Numbers of respondents with complete data on the second follow-up measurement in aﬀected school and control schools, respectively.
For the ﬁrst follow-up measurement these numbers varied from 81 to 87 for the aﬀected school, and from 629 to 634 for the control schools.
The table shows relevant outcomes for students who provided data on the second follow-up and the baseline measurements. For the sake of
comparison, similar data are provided regarding the ﬁrst follow-up measurement (italicized).








































































Baseline 1st follow-up 2nd follow-up Baseline 1st follow-up 2nd follow-up Baseline 1st follow-up 2nd follow-up
Baseline 1st follow-up 2nd follow-up
Baseline 1st follow-up 2nd follow-up
Baseline 1st follow-up 2nd follow-up
Baseline 1st follow-up 2nd follow-up Baseline 1st follow-up 2nd follow-up
Baseline 1st follow-up 2nd follow-up Baseline 1st follow-up 2nd follow-up
Baseline 1st follow-up 2nd follow-up
FIG. 2. Prevalence rates (95% conﬁdence intervals) at the aﬀected school ( ) and the control schools (%) regarding behavioural
and emotional problems reported on the Youth Self-Report, excessive use of alcohol, smoking and use of marijuana, ecstasy, and
hypnotics and sedatives at the baseline and ﬁrst and second follow-up measurements [total numbers of respondents at the baseline,
and ﬁrst and second follow-up measurements were (aﬀected school/control schools) : 124/830, 91/643, and 89/467 respectively].
* Scaling of the y-axis is diﬀerent.
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aforementioned associations were similar for
students of the aﬀected and the other schools.
Regarding the other secondary outcomes, use of
marijuana, and ecstasy, outcomes were rather
similar for both groups at both follow-up
measurements.
Adjustment for background characteristics
on which the aﬀected school and the control
schools diﬀered with statistical signiﬁcance at
baseline (gender, age, level of education, eth-
nicity, and religion) yielded similar results. ITT
analysis also yielded similar results (not shown)
except for the YSR syndrome scale Anxious/
Depressed, for which diﬀerences increased some-
what [crude and adjusted odds ratios (95% con-
ﬁdence intervals) : 2.71 (1.17–6.29, p=0.020),
and 2.18 (0.88–5.43, p=0.09)].
Subgroups
Regarding gender, all diﬀerences between the
aﬀected school and the control schools were
larger for girls than for boys, but none with
statistical signiﬁcance (results not shown). The
increases in outcomes did not diﬀer with stat-
istical signiﬁcance by exposure to the disaster,
although they were larger for Volendam ado-
lescents who were present at the ﬁre (Table 3).
It should be realized, however, that this con-
cerned a small group. Regarding participants for
whom data were available on all three measure-
ments (aﬀected school, n=71; control schools,
n=407), results were very similar to those for
all participants (not shown). Regarding the
YSR outcomes, results were similar if we used
continuous instead of dichotomized scores as
outcome (results not shown).
DISCUSSION
Our study examined the medium-term impact,
after 12 months, of a severe disaster on mental
health, including substance use, of adolescents
in a study with prospective pre- and post-
disaster data on an aﬀected and a control
population. Its results show that the impact on
mental health has decreased after 12 months,
compared to the situation after 5 months. De-
creases especially concerned those symptoms
that showed large short-term (5 months), in-
creases, i.e. self-reported anxiety, depression,
thought problems and aggression. The increases
in excessive use of alcohol remained, however,
and the impact of the disaster on the use of
hypnotics and sedatives had increased, although
not statistically signiﬁcant after adjustment
for diﬀerences in background characteristics.
Eﬀects tended to be somewhat larger for girls,
although without statistical signiﬁcance. More-
over, medium-term eﬀects were somewhat larger
for those present at the ﬁre, but again without
statistical signiﬁcance, whereas they were rather
similar at the short-term.
Regarding the level of behavioural and
emotional problems, our results conﬁrm those
of earlier studies with only post-disaster data or
without a control group, that show that the
mental health eﬀects of disasters are smaller
the longer the time after the disaster they are
measured (Rubonis & Bickman, 1991; Vogel &
Vernberg, 1993; Bromet & Dew, 1995; Bolton
et al. 2000). It should be realized, however, that
some of these eﬀects may persist. Young British
people who as teenagers had survived a shipping
disaster were most likely to develop problems
Table 3. Diﬀerences in 12 months’ outcomes for non-exposed and exposed adolescents of the aﬀected
school compared with adolescents of the control schools who are the reference category (i.e. have an
odds ratio of ‘1 ’)
Not in cafe´ during disaster (n=67) In cafe´ during disaster (n=22)
OR (95% CI) Adj. OR (95% CI)a OR (95% CI) Adj. OR (95% CI)a
Clinical score on
Total Problems 1.39 (0.68–2.85) 1.39 (0.64–3.01) 2.02 (0.71–5.77) 2.06 (0.67–6.31)
Anxious/Depressed 1.70 (0.62–4.70) 1.54 (0.52–4.57) 3.22 (0.88–11.8) 2.89 (0.71–11.7)
Thought Problems 1.29 (0.57–2.89) 1.16 (0.48–2.78) 0.81 (0.18–3.66) 0.78 (0.16–3.70)
Aggressive Behaviour 0.35 (0.05–2.62) 0.34 (0.04–2.81) 1.08 (0.14–8.47) 2.03 (0.23–18.3)
Excessive use of alcohol 3.24 (1.77–5.91)*** 4.08 (2.15–7.37)*** 4.84 (1.37–17.1)* 9.37 (2.43–36.2)**
Use of hypnotics/sedative 1.70 (0.61–4.74) 1.31 (0.44–3.89) 4.48 (1.37–14.7)* 3.39 (0.95–12.1)
Statistically signiﬁcant diﬀerences (p<0.05) are in bold; * p<0.05, ** p<0.01, *** p<0.001.
a Adjusted for gender, age, level of education, ethnic background and religion.
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within 6 months after the disaster (Yule et al.
2000), but 5–8 years later they were still more
likely than controls to have anxiety and aﬀective
disorders (Bolton et al. 2000). Of the survivors
of the UK Aberfan disaster that killed 116 chil-
dren and aﬀected 145 others, 29% still met cri-
teria for PTSD 33 years later, whereas 46% had
done so at some moment during those 33 years
(Morgan et al. 2003). Children experiencing
heavy bush ﬁres in Australia when aged 5–12
years initially showed few mental health symp-
toms, but did so after 8 and 26 months with
rather similar symptom levels (McFarlane et al.
1987). In contrast, child survivors (2–15 years)
of the US Buﬀalo Creek dam collapse had
recovered from most psychiatric symptoms 17
years after the disaster, but substance abuse had
emerged as a new problem during this follow-up
period (Green et al. 1994). Finally, Ukrainian
children who had been evacuated from the
Chernobyl area when aged 0–15 months per-
ceived their mental health similarly to their un-
aﬀected classmates (Bromet et al. 2000).
A disconcerting ﬁnding in our study was the
long-lasting eﬀect of the disaster on alcohol use
of the adolescents in our sample. Among adults
substance abuse is a well-documented factor
accompanying PTSD (Breslau et al. 1991).
Regarding adolescents, Yule and co-workers
found a two-fold increase in substance abuse
among survivors of the aforementioned ship-
ping disaster but without statistical signiﬁcance
(Yule et al. 2000). Some investigators have also
documented an increased prevalence of sub-
stance abuse, independent from PTSD, among
people experiencing disaster as adults (Joseph
et al. 1993; Vlahov et al. 2002), or as children
(Green et al. 1994). It may be that some of the
adolescents used this to alleviate symptoms
of anxiety and depression, at least in the short
term. We do not as yet know if this strategy is
an unwanted but temporary way of coping, or
the beginning of a longer-lasting more general
dependence on psychoactive substances (Rohde
et al. 2001).
Limitations
Diﬀerences between the two groups, imprecise
information and the eﬀect of post-disaster in-
terventions may have inﬂuenced our ﬁndings,
but if at all present they will have caused an
underestimation of the real eﬀects. First, 41.5%
of all adolescents (aﬀected school, 27.4%; con-
trol schools, 43.6%) were lost to follow-up.
However, ITT analysis provides very similar
eﬀect estimates. Compared to the 5 months’
follow-up measurement, response was much
higher among adolescents who were in the ﬁre,
and was similar to the other aﬀected adolescent
at the 12 months’ follow-up. This conﬁrms our
previous assumption that factors directly related
to the ﬁre, like being hospitalized, explained this
initially higher non-response, and not a general
tendency of these adolescents to drop out
(Reijneveld et al. 2003). Our results thus prob-
ably provide a valid estimate of the medium-
term eﬀects among adolescents from the aﬀec-
ted school, but we can not exclude bias among
those from the control schools because of the
relatively high loss to follow-up among them.
Furthermore, our comparison concerned entire
schools, i.e. a natural experiment on only three
communities. Diﬀerences in age of onset of
substance use across schools could have biased
our ﬁndings.
Imprecision of the self-reported data might
have aﬀected our outcomes but this is unlikely
as we have previously indicated (Rohde et al.
2001). Answers were conﬁdential and anony-
mous, which has been shown to lead to valid
self-reported information on use of alcohol (Del
Boca & Noll, 2000), on adolescent smoking
(Stanton et al. 1996; Rebagliato, 2002), and on
mental health (Boyle et al. 1997). Moreover,
any bias in outcome measures, if existing, would
probably aﬀect all three measurements in both
groups. However, a global measure for behav-
ioural and emotional problems like the YSR
may have missed some of the speciﬁc eﬀects of
disaster in children and adolescents (Vogel &
Vernberg, 1993).
Finally, the immediate set-up of a treatment
programme for all victims, both inside and out-
side the setting of the aﬀected school, may have
reduced the impact of the disaster (Pynoos et al.
1998; Yule, 2001). This may have lead to an
underestimation of the eﬀects, especially among
those present at the ﬁre. In particular, those with
the highest symptom levels at the ﬁrst follow-up
measurement were much more likely to have
received hypnotics or sedatives at the second
follow-up measurement. This can be interpreted
as an indication of eﬀective treatment that has
reduced the symptoms among this group. In
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The Netherlands, the quality of post-disaster
publicmental health interventions has improved,
due to a decade of experience with a number of
manmade disasters (Reijneveld, 1994), that has
given impetus to a much better coordination of
post-disaster care, and the set-up of long-term
aftercare programmes.
Clinical implications
Post-disaster health care for adolescents should
aim at the physical and psychosocial conse-
quences of the disaster (Larkin, 1998; Pynoos
et al. 1998). Our ﬁndings on short-term eﬀects
indicated the need for services aiming at the
negative mental health eﬀects of exposure to
disaster, including anxiety, depression, incoher-
ent thinking, aggression, and substance abuse
(Aptekar & Boore, 1990; Vogel & Vernberg,
1993; Bromet & Dew, 1995; Bolton et al. 2000;
Udwin et al. 2000). Our medium-term results
indicate that the eﬀects on excessive use of
alcohol among adolescents are longer lasting
and that the eﬀects on the use of hypnotics and
sedatives may increase. This stresses the need
for services aiming at these two problems, to
prevent a more general substance abuse or
even dependence. School-based prevention pro-
grammes may provide a means for this as this
seems to be the most eﬀective route for such
prevention, although its eﬀectiveness still has
to be improved (Weinberg et al. 1998, 2002;
Foxcroft et al. 2002). Furthermore, selective
preventive interventions aiming at high-risk
adolescents like these and including the in-
volvement of both adolescents and their parents
(Cuijpers, 2002; Foxcroft et al. 2002) may be
eﬀective in reducing substance use including
alcohol misuse (Foxcroft et al. 2002; Weinberg
et al. 2002).
Similar to the short-term eﬀects, medium-
term eﬀects are very comparable among
Volendam adolescents who had and who had
not been at the ﬁre. Likely explanations are
traumatic experiences such as the loss of class-
mates, friends, brothers and sisters, and the
daily confrontation with deformed and handi-
capped victims. Those not directly exposed
individuals should thus be actively involved in
post-disaster care programmes. However, of
all Volendam adolescents with a positive score
on an initial screening only a quarter were
willing to participate in such programmes
(Wolleswinkel-van den Bosch, 2003). On the
other hand, adolescents may also obtain ad-
equate help through regular care ; at least their
contact rates with primary care have greatly in-
creased since the disaster (Dorn et al. 2003).
Implications for research
Our results need conﬁrmation in other situ-
ations, with other age groups and with clinical
assessments of mental health, and with a still
longer follow-up. These may also provide evi-
dence for risk factors regarding the development
of mental problems after trauma and for ex-
posure to trauma, such as pre-existent mental
problems in individuals or their families (Bromet
& Dew, 1995; Breslau et al. 1997; Silberg et al.
2001; Koenen et al. 2002), family disruption
after the disaster (Bromet & Dew, 1995), and
genetic make-up (Silberg et al. 2001; Stein et al.
2002; Koenen et al. 2002). It may further pro-
vide more evidence on the eﬀects of disasters
on substance abuse. A next step will be to obtain
high-quality evidence on the treatment of these
victims, regarding both mental health and sub-
stance abuse (Pfeﬀerbaum, 1997; Yule 2001).
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